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Abstract 
Dolomite as natural raw material is an economically suitable alternative for the production of refractory materials. Considering 
the increasing interest in the exploitation of this mineral in Argentina, it has been used in previous works to synthesize 
refractories based on MgO-CaO-Al2O3, MgO-CaO-ZrO2 and MgO-CaO-ZrO2-SiO2 systems. 
This paper investigates the feasibility of using dolomites from the District of Olavarría to prepare composite materials with 
technological applications as dielectric ceramics, belonging to the MgO-CaO-TiO2 system, from a reactive mixture of dolomite-
anatase containing 54% w/w of dolomite. 
The combination of XRD and spectroscopic FTIR techniques allowed phase changes produced during the firing process to be 
detected. It was also established that the main transformations occur at low temperatures. The microstructure of the final batch 
obtained at 1350 °C was analysed by SEM EDS. The material is mainly composed of calcium titanate, and magnesium titanates 
thermodynamically compatible; it does not contain free lime. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the scientific committee of SAM - CONAMET 2013. 
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1. Introduction 
The use of chrome-free refractories materials has been one of the major concerns in cement industry and steel 
making. In this way the application of dolomites as natural raw material emerges as an economically suitable 
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alternative for the production of different kinds of refractory materials. Considering the increasing interest in the 
exploitation of this mineral in Argentina, it has been used in previous works to synthesize refractories based on 
MgO-CaO-Al2O3, MgO-CaO-ZrO2 and MgO-CaO-ZrO2-SiO2 systems by Lavat et al.(2007, 2010, 2011a, 2011b). 
Recent research of novel refractories based on MgO-CaO-TiO2 has been relevant because these materials are 
promising in applications such as miniature electromagnetic devices, fabrication of Diesel particulate filters (DPF), 
refractories for the burning zone of cement rotary kilns, and ceramic supports. In these previous reports various 
composite materials were prepared either by electrofusion or solid state reaction, departing from mixtures of anatase, 
carbonates and/or titanates. These composite materials are constituted by mixtures of the phases CaTiO3, MgTi2O5, 
MgTiO3, and/or Mg2TiO4; depending on the degree of compatibility among them (Curimbaba Ferreira et al., 2006; 
Suzuki and Morimoto, 2010; Suzuki and Shinoda, 2011;Zhang and Mc Ginn, 2006). 
Calcium titanate-CaTiO3 with perovskite structure is well known for its good dielectric, luminescent and 
semiconducting properties.  This titanate is suitable for photocatalysis, particularly for ecologic purposes as the 
methylene blue decoloration (Gaikwad et al., 2012).Furthermore, the systems CaTiO3-MgTiO3 and CaTiO3-
Mg2TiO4, are ceramic materials for microwave applications due to their dielectric behaviour (Zhang and Mc Ginn, 
2006). 
In the case of MgTi2O5 this material displays interesting properties such as cation order-disorder, anisotropic 
thermal expansion; it is also suitable as thermistor, white ceramic pigment, catalyst and photocatalyst. Due to its 
pseudobrookite structure, similar to that of Al2TiO5, and to its low thermal expansion coefficient, this material is a 
good candidate as a third generation diesel particulate filter (Suzuki and Morimoto, 2010). Moreover, the materials 
have been studied for this purpose because they bear well-balanced properties, such as low cost, low thermal 
expansion, high-temperature stability and good mechanical properties (Suzuki and Shinoda, 2011). 
In the present work the results of a study regarding the feasibility of application of dolomite mineral resources 
located in Olavarría (Argentine) for the synthesis of composite materials are presented. The solid state reaction of a 
mixture of TiO2-anatase containing 54% dolomite was carried out in order to establish the most adequate conditions 










MT2 magnesium dititanate 
MT geikielite 
β-C2S larnite 
L.O.I. Loss on ignition 
LTCC  Low-T-co-fired-ceramics 
2. Experimental procedure 
2.1. Materials characterization 
Starting materials: the dolomitic raw materials employed were supplied by Polysan S.A. company (Polysan M.R., 
Sierras Bayas, Buenos Aires, Argentine) andanatase (Aldrich N° 23203-3, 99.9%) was used as a source of TiO2.  
Sieved dolomite fraction ≤ 125 μm was characterized from its chemical, mineralogical and grain size properties. 
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Particle size distribution was established by laser diffraction method in isopropyl alcohol dampened suspensions 
using the Malvern Matersizer-S. The surface area was determined by the BET method through the N2 adsorption 
technique at 77 K, using a Quantachrome Nova 1200e pore size and surface area analyzer.  
Chemical composition was determined by X-ray fluorescence wavelength dispersive technique in the Institute of 
Mineral Technology (Intemin Segemar, Buenos Aires). The automatic fusion with lithium tetraborate was applied as 
preparation sample method. Reference certificated materials were used for calibration. 
Finely ground polycrystalline samples were mineralogically analyzed by FTIR vibrational spectroscopy (FTIR) 
and X-ray diffraction (XRD). 
The XRD measurements were carried out with a Philips PW 3710 diffractometer with graphite monochromated 
Cu Kα radiation. Phase identification analysis was carried out by comparing the respective powder X-ray diffraction 
patterns with standard database stated by JCPDF. Table 1 shows the PDF records for every material under study 
along with the formula and main reflections used in this work. 
The FTIR spectra were measured using a Nicolet-Magna 550 instrument, with CsI optics applying the KBr 
“pellets” technique. Spectra interpretation was based on published data and FTIR spectra of Minerals Library 
software. 
Table 1. PDF N °, and principal diffraction lines of the phases under analysis. 
Phase Formula PDF N° d / Å 
D CaMg(CO3)2 36-0426 2,8880 
Q SiO2 33-1161 3,3420 
C CaCO3 05-0586 3,0350 
An TiO2 21-1272 3,5200 
M MgO 04-0829 2,1060 
R TiO2 21-1276 3,2470 
CT CaTiO3 42-0423 2,7030 
MT2 MgTi2O5 35-0792 3,4980 
MT MgTiO3 36-1473 2,8230 
β-C2S Ca2SiO4 33-0302 2,7830 
Tabla 2. Chemical composition of raw materials. 
Composition 
(in oxides, wt %) Dolomite Anatase 
SiO2 6.56 - 
Al2O3 1.47 - 
Fe2O3 1.63 - 
TiO2 0.11 99,9 
P2O5 0.03 - 
MnO 0.08 - 
CaO 29.60 - 
MgO 17.83 - 
Na2O <0.01 - 
K2O 0.43 - 
SO3 <0.01 - 
L.O.I. 1000 °C 42.07 - 
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2.2. Sample preparation and characterization 
Considering the MgO-CaO-TiO2 ternary system phase diagram (Zhang and Mc Ginn, 2006) as well as the 
chemical composition of involved dolomite, detailed in Table 2, a mixture of TiO2 and 54% dolomite was prepared 
in order to obtain a composite material containing Ca(II) and Mg(II) titanates. 
The mixture was dry-homogenized and then submitted to conventional ceramic procedure by solid phase reaction 
at high temperatures with intermediate grindings. Firing was carried out in a muffle furnace under atmospheric 
conditions. 
In order to state phase changes occuring during firing as well as the optimum temperature to obtain the desired 
cement, samples at different firing temperatures were taken from the oven. 
3. Results and discussion 
3.1. Raw materials 
The XRD pattern and FTIR spectra of the starting reacting mixture are shown in Fig. 1(a) and (b), respectively. 
 
Fig. 1. Minerals characterization of starting reactive mixture (a) byDRX;(b) by FTIR. 
The mineralogical composition of dolomite source was estimated based on rational analysis. Accordingly, the 
following composition (in percent weight) could be established: 81.55% CaMg(CO3)2, 8.56%  CaCO3, 6.56% SiO2 
and 3.29% of other inorganic solid phases.  
The XRD pattern shows the presence of anatase, dolomite and also the peaks of CaCO3-calcite and SiO2-quartz, 
which are the main impurities of the raw material. 
In addition, the FTIR spectrum of the starting material shows all the bands belonging to dolomite, as those 
diagnostic located at 1443, 882 and 728 cm-1, which belong to CO3-2. Calcite bands are not seen because they are 
located at similar frequencies as dolomite (1428, 878 and 714 cm-1) and overlapped with the bands of this 
predominant mineral. Although quartz is a minor constituent, it can be clearly identified by the bands located at 
1144 and 1085 cm-1 attributed to SiO4 group vibrations, because these bands are conveniently separated (Wilson, 
1987).Meanwhile, the presence of anatase is recognized by the typical bands located at 356, 470, 590 and 645 cm-1 
belonging to deformational modes O-Ti-O of the distorted TiO6 octahedra, which constitute the structural building 
units in this solid (NIST, 2011; Chatterjee et al., 2010). 
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The mean size particle of the dolomitic mineral is 24.27 Pm and the surface area 2.4 m2/g. For TiO2 the values 
measured for the mean size of particles is 50 nm and the area is 132 m2/g. These values are adequate to favour the 
solid state reactivity. 
3.2. Evolution of the phases on heating 
The samples extracted from the oven after each firing step (at each temperature) were characterized by XRD and 
FTIR. 
3.2.1. X-ray diffraction analysis 
The XRD patterns belonging to the batches treated at the different heating temperatures selected to represent the 
phase evolution upon calcinations appear in Fig. 2(a). The XRD main diffraction intensities of every component 
detected in the patterns is plotted against temperature, as it can be seen in Fig. 2(b). Based on these data, the 
evolution of phases during firing was estimated. 
               
Fig. 2. (a) XRD patterns at different firing temperatures;(b) evolution of phases during firing. 
At 700ºC the components detected in the raw materials (D, Q, C y An) are maintained. However, significant 
reduction of D is observed; at the same time the phase M appears and the amount of C increases. These features are 
consistent with the thermal decomposition of dolomite according to the following reaction: 
CaMg(CO3)2 (s) ė CaCO3 (s) + MgO (s) + CO2 (g)      (1) 
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Neither dolomite nor anatase are observed at 950 °C and in the meantime the new phases CaTiO3, MgTi2O5 and 
TiO2 in the polymorph rutile are formed. Quartz has not reacted yet since its proportion in the mixture kept constant. 
Calcite diminishes as a consequence of its thermal decomposition and simultaneously an increase of M is observed, 
indicating that reaction (1) proceeded.  
The observed transition temperature between the two polymorphs of TiO2, anatase and rutile is in good 
agreement with the literature (Posch et al. 2003). Both structures are formed by octahedral chains with higher 
distortion in the case of anatase in which 4 of the angles O-Ti-O are deviated from 90 degrees. In addition, Ti-Ti 
distances are lower in anatase in comparison with rutile and Ti-O bond lengths are larger. Consequently, the density 
of this material increases around 10% upon the structural change: 
TiO2-anatase (s) ė TiO2-rutile (s)        (2) 
To summarize, it can be confirmed from the results that after the thermal treatment at this temperature the 
following reactions occurred: 
CaCO3 (s) ė CaO (s) + CO2 (g)        (3) 
TiO2-rutile (s) + CaO (s) ė CaTiO3 (s)        (4) 
2 TiO2-rutile (s) + MgO (s) ė MgTi2O5 (s)       (5) 
Over 1050ºC the phase CT converts into the major component. 
At 1100ºC the appearance of the phase β-C2S and the disappearance of Q are observed simultaneously. This 
evidence suggests that the reaction occurs as follows: 
2 CaO (s) + SiO2 (s) ė β-Ca2SiO4 (s)       (6) 
Since the compound C was not observed at this temperature, the completion of the reaction (3) could be 
established. 
When the temperature reaches 1350ºC, the material is formed by CT, MT2, and β-C2S. The amounts of each 
phase estimated from the areas of the characteristic peaks (Domanski et al., 2004)are 49, 30 and 21 %, respectively. 
3.2.2. FTIR analysis 
The FTIR vibrational spectra depicted in Fig. 3 are suitable to complement XRD information in order to get a 
more accurate composition of phases at each temperature. 
At 400ºC the sample shows the bands located at 1443, 882 and 728 cm-1 assigned to CO32-, which are 
characteristic of dolomite (Wilson, 1987). At 700ºC the CO32- bands typical of calcite, at lower frequencies, are 
distinguished at 1428, 878 and 714 cm-1, which completely disappear at 1150ºC. This evidence corroborates the 
growth of C when the sample reaches 700ºC, detected by XRD and it indicates the maintenance of this mineral up to 
1150 ºC. 
Over 1000ºC the presence of CH can be ascertained by the typical absorption at 3643 cm-1, which is 
characteristic of Ca-OH vibration. This weakens as temperature rises, being observable up to 1050ºC. CaO forms 
portlandite due to the feasibility of reacting with atmospheric moisture (Lavat and Grasselli, 2007), as: 
CaO (s) + H2O (v) ė Ca(OH)2 (s)        (7) 
Nevertheless, the typical lines belonging to CH are not observable by XRD due to the overlapping with the other 
components, particularly with those of CT and MT2. 
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After the thermal treatment at 700ºC, a shoulder at 671 cm-1 attributed to Mg-O stretching of periclase can be 
observed in the spectrum (Ross, 1972; Singh and Upadhyaya, 1972). The presence of this mineral limits the use in 
acid media and, therefore, its total conversion is necessary. In the previous XRD analysis, the characteristic 
diffraction line of D could not be detected when the sample is treated over 1300ºC. Due to the higher sensibility of 
FTIR spectroscopy, it is possible to establish that reaction (5) is completed at 1350ºC when the diagnostic band of M 
disappears.  
 
Fig. 3. FTIR spectra of material specimens treated in the thermal range 700 - 1350 ºC. 
Once the sample was treated at 950ºC the FTIR data, in good agreement with XRD results, develop the structural 
transition from TiO2-anatase to TiO2-rutile, through the pair of bands at 360 and 420 cm-1 typical of R and at the 
same time those belonging to An are not seen anymore(NIST, 2011). 
At the same temperature, the characteristic absorptions belonging to the titanates labelled CT and MT2 were 
registered (Hammad et al., 2001;Liermannet al., 2006). The beginning of the reactions (4) and (5) can be ascertained 
by FTIR analysis. The band located at 570 cm-1 typical of CaTiO3 is assigned to Ti-O stretching. The signals at 452 
cm-1 and in the spectral range 400-250 cm-1 are attributed to O-Ti-O deformations and to the vibrations of the 
octahedra TiO6 building units from CT and MT2, respectively. The absorptions detected at 1000-750 cm-1 belong to 
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vibration modes of MgO6 octahedra present in the crystal lattice of  MT2. The definition and intensity of all these 
bands improve significantly in parallel with the increase in the amount of the phases CT and MT2 formed by raising 
the firing temperature. 
The well defined signals lying in the 910-880 cm-1 frequency interval and at 980 cm-1 are assigned to Si-O 
symmetric and Si-O-Si antisymmetric vibrations from the phase β-CS2, respectively (Gou et al., 2005). These bands 
insinuate as shoulders in the spectrum of the material obtained at 1050ºC, indicating that this phase started to form 
according to reaction (6) at a lower temperature than 1200ºC, as found by XRD analysis.  
The bands detected at 3400, 1630 and 1575 cm-1 are attributed to water adsorbed by CT and are assigned to O-H, 
H-O-H and M-OH vibrations, respectively (Hammad et al., 2001;Lopezet al., 2008). 
According to the results obtained by the combination of XRD and FTIR data, 1350ºC can be selected as the 
optimal firing temperature. 
3.3. Microstructure of the obtained material 
As it can be seen in Fig. 4, the global morphology of the final batch obtained at 1350ºC is fairly compact. The 
sintered body is formed by blocks of big micron size particles and some other small loose particles. 
In order to get deeper insights regarding the phases on the surface of the material, the scanning of the elements 
constituting the mixture of phases, as determined by XRD, was carried out(Fig. 5). These measurements show that: 
x A uniform superficial distribution of titanium which is the major element in the composite phases containing 
Ca and Mg is observed. 
x Ca and Mg are distinguishable as separate phases giving rise to a complementary elemental mapping. The 
titanate CaTiO3 with perovskite structure is distinguishable in the micrograph as large particles, possessing 
flat faces, sharp and well defined borders. In addition the round borders observed in some of them, mainly 
located in the regions rich in Mg, could be attributed to MgTi2O5 phase. 
 
Fig. 4. SEM micrograph of the final batch. 
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Fig. 5. Ti/Ca/Mgmapping (from left to right). 
On the other hand, the presence of the minor elements Al, Si and K is associated to silico-aluminates, which were 
not detected by XRD surely due to their low proportion and/or poor crystallinity. The mapping of Al and Si shows a 
distribution similar to K. These accompanying elements arise from the dolomitic source and could give rise to low 
crystallinity potassium feldspar and also to mullite which could act as linking material among regions favouring 
densification. This feature could contribute to mechanical integrity and also could improve the dielectric properties 
of the titanate mixture which could be applied in devices as LTCC, as it has been observed in related materials (Shin 
et al., 2005). 
4. Conclusions 
In conclusion, dolomites from Olavarría have mineralogical, chemical, granulometric, and specific surface 
characteristics appropriate to synthesize a composite material containing CaTiO3-MgTi2O5, by solid state reaction 
with TiO2-anatase by firing at high temperature.  
The combination of XRD and FTIR data was very useful to investigate the evolution and transformation of solid 
state phases during heating. According to these resuls, the optimum temperature for the preparation of the composite 
material could be 1350ºC. 
The composition of the final batch was established, constituted by CaTiO3, MgTi2O5, and β-Ca2SiO4, as co-
product; with the estimated proportions of 49, 30 and 21 %, respectively. 
These results could be an important starting point for future studies in order to produce this type of materials 
using a low cost mineral as dolomite. 
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